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Sp e cification 

Method for Producing a Strong Bond b e tw e en Two Layers of a Multilay e r System, and 
Multilayer Svsto m METHOD FOR PRODUCING A STRONG BOND BETWEEN TWO 
LAYERS OF A MULTILAYER SYSTEM. AND MULTILAYER SYSTEM 

PRIORITY INFORMATION 

This patent application claims priority from German Application No. 102 37 013.3 filed 
August 13. 2002 and International Application No. PCT/EP2003/008913 filed August 12. 2003. 
which are hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

The invention relates in general to semiconductors and in particular t o a method for 
securely bonding together first and second fiinctional layers of semiconductors. p roducing a 
strong bond betw ee n two layers of a multilayer syst e m and to a multilayer syst e m of at least two 
layers. 

Multilayer systems comprise ar e built up fi-om at least two mutually adhering layers and 
serye, for example, as sensors for detecting substances such as for e xampl e gases. Those layers 
that detect the substance are typically r eferred to as fiinctional layers. 

A first severe disadvantage of such fiinctional layers is that they may d e-not adhere 
together with sufficiently high strength. For this reason, an additional intermediate fe ird-layer 
yielding a greater adhesive action may be inserted is n e c e ssary between the two fiinctional 
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layers.. However, the intermediate which third layerr may have the h ow e v e r, brings about a 
s e cond disadvantage in that this th e third layer ma^ Lconsid e rably diminishes the functionality of 
the functional layers. 

hi the case of a hydrogen sensor, for example, adequate measuring accuracy requires the 
cleanest possible interfac eb oundory surface between the-one functional layer made o f, for 
example, palladium and another t he other functional layer made o f, for example, silicon nitrite. 
However, Unfortunately, t hese two materials comprising the functional layers generally do not 
adhere together relatively well.a t-^ As a result, disposed s e-^feat-between these two functional 
layers is usually an intermediate there must b e a third layer acting a s a sort of c e m e nt, w hich third 
k^f^adheres relatively w ell both t o both th e on e and to th e oth e r functional layers. Suitabl e for 
th e stat e d purpose in this e xampl e is nN ickel may be used as the intermediate layer to adhere the 
two functional layers of the hydrogen sensor together. , which, h However. the use of nickel 
typically g r e atly impairs or cancels e ntir e ly t he functionality of a hydrogen senso r to some 
degree . 

Thus, in general. On the one hand, the functional layers should adhere strongly together, 
yet, but on the other hand, their functionality should m ust-not be impaired. 

As a result of this tradeoff. F or this r e ason, the method described in German patent DE 42 
40 996 CI is not generally applicable. Therein. H efein-two layers are bonded using a layer of 
adhesive applied therebetween, which is passed through in pointwise fashion by islands of fast- 
setting hot-melt adhesive. These hot m e lt adhesive islands hav e the function of fixing the layers 
with respect to one another until the layer of adhesive applied in a_large-area manner f asbien 
takes effect. With macroscopically thick layers of adhesive, this method is well-suited to the 
bonding of circuit arrangements to a circuit board, but less s uitablee to the use of functional 
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layers, because the thick layers of adhesive may h CTe-impair the functionality of the components. 
Further What is more, this method presupposes that a material is known with which a firm bond 
can be produced between the various layers. . 

German patent application F urth e rmor e , in BE 28 21 303 Bl th e r e is describesd a method 
for bonding an insulating substrate to a metal coating, wherein the insulating substrate has a 
certain special chemical coniposition. Theis chemical composition makes possible a selective 
etching operation by which depressions are made in the insulating substrat e, thereby increasing 
and thug its surface are a is increased . Afterward, a metal coating is deposited on the substrate in a 
currentless manne r fashion, . The w hich m etal coating enters into a stronger bond with the 
substrate because of the basins in, or th e increased surface area of^ the substrate. This method has 
the disadvantage that it is can b e utilized with onlv those applied only for layer systems in which 
the requisite adhesive force can be achieved through an increase in the adhesion area. If^ 
how e v e r, the materials of the two layers do not generally adhere to one another, or if the requisite 
adhesive force is not attained even after the increase in the surface area, then this method does 
not achieve lead to t he desired success. 

Similarly, the method described in German patent application e f-DE 197 IS 177 Al 
utilizes an increase in the surface area of a substrate layer t o improve the adhesion between this 
substrate and a second layer to be applied. Therein H eFe-the substrate surface area is increased by 
first applying opaque particles to the substrate surface, by-which a-masksing ef-the substrate 
surface is e ff e ct e d . Next, material is stripped off in the unmasked regions of the substrate surface. 
for example by tr e atm e nt with a laser^ This w 4H€b-has the effect of roughening the substrate 
surface. After the masked particles are removed, the second layer is applied to the substrate 
surface and, because of the increased adhesion area, a stronger bond between the two layers 



4 



3000-3 

results. In comparison with th e m e thod d e scrib e d abov e , tT his method e ne-has the advantage that 
when the material-stripping light is obliquely incident, webs remain on the substrate surface, 
which webs narrow toward the substrate surface. If the second layer is subsequently applied to 
the substrate, a type s eft~of keying interlocking results between the substrate and the second 
layer^ This results in which has the cons e quence of enhanced adhesion and, in particular, 
bonding between two layers that may w euld-otherwise not adhere to one another. Due to B e causo 
ef-features of the method, the webs serving as anchoring elements may be are-made of the same 
material as the substrate. As a consequence, if the layer to be applied adheres poorly or not at all 
to the substrate, it may be t s-necessary to provide a relatively h igh number d e nsity of wedge- 
shaped webs or anchoring elements in ord e r t o ensur e adequate yi e lding 1 adhesion between the 
layers to be bonded. If the webs are not fashioned in wedge shape, a strong adhesive bonding of 
the layers may i s-not be possible in this oaso . 

What is needed is a method for producing a relatively strong bond between two 
functional layers of a semiconductor while at the same time allowing for a relatively high degree 
of functionality of the layers. N ow it is not, as would bo anticipated and is usually cohv e ntionalj a 
goal of th e invention to find th e optimal compromis e b e tween adhesion and functionality, but 
rath e r to achiovo a combination of both maximum adh e sion and optimum functionality. 

SUMMARY OF THE INVENTION 

In terms of method, this goal is achi e ved with the featur e s cited in Claim 1 in that 

anchoring e lements mad e up of a different mat e rial from th e lay e rs to bo bond e d ar e e mb e dded in 
at l e ast on e of the two lay e r s . 

I 1 The word ausyvcichcrtdc (- yi e lding) in th e original may b e on e rror for ausrcichcndc (~ ad e quate), — Translator. 
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In t e rms of devic e , this goal is achiev e d with tho f e atur e s cit e d in Claim 16 in that 

e mbedded in at l e ast on e of the two layers or e anchoring e lem e nts made up of a diff e rent material 
from th e two lay e rs to be bonded. 

The inv e ntion provides for embedding, in at least on e of the two poorly mutually 

adh e ring layers, anchoring elem e nts fabricated from a different material from th e layers to be 
bond e d. 

A multilayer semiconductor includes first and second functional layers. In an e x e mplary 
e mbodiment of tho inv e ntion, oA third or intermediate l ayer is disposed between the first and 
second functional layers and t ha^adheres relatively well to the first and second layers vet has 
relatively little or no detrimental effect on b ut scarc e ly impairs the functionality of the first and 
second layers. The third layer is is further to be applied to the a ^first layer. fte-aAnchoring 
elements pro\ided according to the invention are provided which are p artly embedded in the third 
layer^ and the second layer is secured appli e d to the third laye r by the anchoring elements . This 
structure p ractice y ields good adhesion between e f-the three layers, because the third layer 
adheres relatively w ell to the first b ottom layer and because t he third layer and the second layer 
are mechanically strongly bonded together relatively strongly b v the anchoring elements. 

In a furth e r e xemplary e mbodiment, - in a first step of th e m etho d for binding together the 
first and second functional layers , to the a -first layer ther e is applied, at least partially, a third 
layer^ in which a plurality of holes are formedm ade. The holes can be formed m ade-in the third 
layer by, for example, an etching process or a photoetching process. N e xt, tT he holes may be a re 
filled with an adhesive compound. Excess adhesive compound issuing from the holes is 
removed, for example by etching s away. In a furth e r s t e p of tho method, t The third laye r may 
then be 4s stripped down to a predetermined specifiable minimum thickness, for example by an 
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etching process or a photoetching process. After etching the third layer. A t tho end of this 
proc e ss, anchoring elements formed from the adhesive compound protrude from the third layer. 
Now tT he second layer may then be i s-applied to the third layerr after which ¥ the anchoring 
elements formed from the adhesive compound are new-embedded both in both t he third layer and 
in-the second layer.7 The result is s e-that the second layer is securely strongly b onded to the third 
layer. 

The holes in the third layer and also t hus-the anchoring elements formed from the 
adhesive compound can be cylindrical in shape. B e tter anchoring is achi e v e d, hH owever, a 
relatively stronger degree of anchoring can be achieved if the cross-sectional area of a hole and a 
corresponding thus also of on anchoring element form e d from th e adhesiv e compound increases 
or decreases from one end to the other end (e.g., tapered) . For example, T the cross-sectional area 
of the hole and of the anchoring element may p ref e rably increases from the third layer end to the 
second layer end.^ The result is s e-that the anchoring elements have a conical or double conical 
shap e, which . This shaping yields an m echanically interlocksing e^the anchoring elements with 
the second layer. This is advantageous particularly when the adhesive compound does not adhere 
to the second layer, so that ne-bonding of the second and third layers may not be w ould be 
possible without interlocking. 

With this m e thod. T he t wo fiinctional layers can be bonded together in various t hfee 
distinct w ays. For example, tf -if the second layer-and the-third layers are the repr e s e nt fiinctional 
layers, then the third layer can be i s-etched back only to the extent feat-this layer retains a 
thickness adequate for the fiinctional layer. The first layer in this example is cas e sorv^ e s only as a 
substrate^ that may w hich can serve, for example^ if the holes are made in the third layer by an 
etching process, to stop the etching process as soon as the holes pass through the third layer from 
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the top of the third layer to the bottom. Also B «t-if , b e sides, t he adhesive compound forming the 
anchoring elements adheres not to the third layer but to the firs t layer , then the anchoring 
elements adhering to the first layer and embedded in the second layer create a bond between the 
first layer and the second layer^j This also w hieh-simultaneously results in b rings about a strong 
bond between the third layer; which li e s th e rebetw ee n and acts as a fiinctional layer, and the 
other fixnctional lay e r, that is, the second layer. Jl^On the other hand, if the material comprising 
the of which th e anchoring elements ar e mad e adheres ift-adequately fashion to the third layer, 
then it is not nec e ssary for t he holes may not t e-pass through theis third layer. As such, the holes 
for example can be of T hus for e xampl e th e y con b e fashion e d in conical shape. Li this case, to 
the extent that the first layer is not required for stopping any etching process, the first layer may 
not be needed. it can in principle be dispensed with. 

Now i lf the first teyef-and the-second layers comprise fe im-the fianctional layers system 
and the material used for the anchoring elements adheres adequately weH-to the first layer, then 
the third layer can be completely removed after the holes have been filled with the adhesive 
compound. The first layer and the second layer are then bonded together by the anchoring 
elements without the an int e rfering intermediate third layer. 

Also, if If. again, the first l^^and tfie-second layers comprise r e pr e s e nt t he fimctional 
layers and the material used for the anchoring elements adheres to neither of these two layers-te 
bo bonded , then the third layer may comprise i s-^^ rm e d fi'om a material that enters into a strong 
bond both with the first layer and with the anchoring elements. After the anchoring elements 
have been formed, the third layer may be is subs e quently e tched back only to a predetermined 
minimum t hickness depending on g iven bv the required bond strength. The anchoring elements 
may be formed are fashion e d such that their cross-sectional area decreases toward the first layer 



8 



3000-3 

siiche that, with the use of the above m e ntioned interlocking effect, a strong bond is formed 
ensured b etween the anchoring elements or the third layer and the second layer, and thus also 
between the second layer and the first layer. 

Also. In a furth e r e xemplary e mbodiment of the inv e ntion, t here may be i s-a region free 
of the third layer, in which region the first l^^and the-second functional layers , which roprosent 
the functional lay e rs, directly adjoin one another, hi this example, the third layer and 
corresponding anchoring elements may be located outside of this fi-ee region. As such. ¥ be 
functionality is not impair e d in the slight e st in this r e gion, whil e the anchoring elements provided 
located outside the free region provide for y jeld-good adhesio n of all of the layers throughout . 

For t The third layer may comprise th e r e is pref e rably a material that on the one hand 
enters into a strong physical or chemical bond with the on e lay e r (i.e., the first layer or the second 
layer) but on the oth e r hand m ay impairs the functionality of the two layers to a relatively small 
degree onlv slightly . Along with mechanical anchoring, the selection of the material for the 
anchoring elements can also increase additionally boost the adhesion of the second functional 
layer. 

A dielectric is particularly suitable for the third layer. The conical shape of the anchoring 
elements is achieved for example with the aid of texturing methods that give well-defined weight 
to anisotropic and isotropic texturing. 

The method may be used according to the invention is suitabl e for example for 
fabricating sensors comprising m ade up of a plurality of layers, but it is not limited as such, b v-ne 
m e ans confin e d to this application. Conductive layer bonds with strong adhesion may can equally 
weH-be produced, such as for example bond pads for in th e cas e of semiconductors. Bond pads 
are mest-commonly fabricated from aluminum , and as such.7 hi th e cas e of bond pads made of 
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aluminum, t he temiperature in subsequent manufacturing process steps typically does H Hist-not 
exceed a value of 1 00 ^C. This is particularly applicable in the case of methods for 
manufacturing semiconductor sensor chips. The method p r e s e nt invention is not, however, 
limited r estricted to the use of bond pads made from aluminum. Alternative material s may be 

The invention will be describ e d and e xplain e d in gr e at e r detail with r e f e r e nc e to 

th e drawings, in which: T hese and other objects, features and advantages of the present invention 
will become more apparent in light of the following detailed description of preferred 
embodiments thereof as illustrated in the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG.igBFe 1 is a cross-sectional illustration of d e picts a first functional layer and a 
dielectric layer joined together: and a third lay e r form e d from a di e lectric: 

FIG.igttfe 2 is a cross-sectional illustration of depicts the first fiinctional layer and the 
dielectric layer of FIG. K where the dielectric layer has with pi e rc e d h oles formed therein : 

FJG.igttfe 3 is a cross-sectional illustration of depicts the first functional layer and the 
dielectri c layer of FIG. 2. where the w hese-holes have been filled with adhesive compound; 

FIG.jgufe 4 is a cross-sectional illustration of depicts the first functional layer and the 
dielectric layer of FIG. 3 w ith the h oles filled with adhesive compound, where excess adhesive 
compound hasviftg been removed; 

FIG.igwe 5 is a cross-sectional illustration of d e picts the first functional layer^ and the 
dielectric layer of FIG. 4 with a portion of the dielectric layer etched away thereby forming 
stripp e d to a minimum thiclcn e ss, with anchoring elements form e d from the adhesive compound; 
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FIG.igHfe 6 is a cross-sectional illustration of d e picts the first fiinctional layer^ and t he 
dielectri c laver of FIG. 5 , also having a second functional layer^ and anchoring elements 
anchoring interlocking the dielectric laver and the second functional layer together; 

FIG.tguFe 7 is a cross-sectional illustration of depicts a multilayer semiconductor s ystem 
having a functional region with no dielectric; and 

FIG.igMe 8 is a cross-sectional illustration of depicts a multilayer semiconductor s ystem 
having cylindrical anchoring elements. 

DETAILED DESCRIPTION OF THE INVENTION 

Th e st e ps of th e m e thod of on e ex e mplary e mbodiment of the method according to the 
inv e ntion will now b e d e scribed with refer e nc e to Figur e s 1 to 6. 

Referring to In th e first stop of th e m e thod, illustrated in FIG. igur e 1, a dielectric laver U 
which her e repr e s e nts th e third lay e r, is applied to a first functional layer 2. 

In th e s e cond st e p of the method, as is d e pict e d As illustrated in FIG,igitt=e 2, a plurality of 

holes 3, for example p r e f e rably in conical or double conical shape, are formed p ierc e d i n thet e 
dielectric laver L The H holes 3 are formed p i e rc e d into di e l e ctric 1 by , for example, bvan etching 
process or a photoetching process. 

In th e third step of th e method, illustrated i ln FIG.igufe 3, the h oles 3 are filled with an 
adhesive compound 4. Excess adhesive compound 5 issuing fi-om holes 3 is removed^ for 
example, b v an etching process. 

FIG-igure 4 illustrates the depicts functional layer 2^ and the dielectric laver 1 with the 

adhering to it having holes 3 filled with adhesive compound 4, and after anv excess adhesive 
compound 5 has been etched away. 



11 



3000-3 

Referring to FIG. 5. the In the n e xt, fifths st e p of the m e thod, dielectric layer 1 undergoes 
ai Lis stripped down to a minimum thiclcness, for example by ah etching process or a-photoetching 
process to expose r -Aanchoring elements 9 formed from the adhesive compound 4 ^ mith e r e foro 
have th e ir upp e r part protruding from dielectric L Functional layer 2 and di e lectric 1 adhering to 
it and having protruding anchoring elements 9 ar e depict e d in Figure 5. 

Finally, in a sixth st e p of the method, the la s t st e p of the method. In FIG. 6, a second 

functional layer 6 is applied to the dielectric layer 1. As a result, the A anchoring elements 9 are 
now strongly e mbedded in both the dielectric layer 1 and the second functional layer 6, thereby 
and thcroforo b on ding the second functional layer 6 relatively strongly to the dielectric layer 1. 
This compl e t e arrang e ment according to the invention is shown in Figure 6. 

A dielectric material is especially suitable as this third layer or intermediate a -#ftrd-laver 
Ij^because such material typically i t-does not impair the functionalit y of the functional layers 2. 6 . 

Referring to A furth e r e xemplary e mbodiment of th e invention is shown in F IG.igitt=e 7j^t 
This e xemplary embodim e nt the multilayer semiconductor illustrated there differs from that 
illustrated d e pict e d in FIG.igwe 6 in that there is a region 8 that is free of the dielectric layer 1. 
The P first functional layer 2 and the_second functional layer 6 directly adjoin one another in this 
region 8. As such, a higher degree of For this reason, th e maximum functionality may be t s 
achieved in the region 8 without any loss of adhesion . The S dielectric layer 1 and the anchoring 
elements 9 formed from adhesive compound 4, which are embedded both in the dielectric layer 1 
and in the.second functional layer 6, are arranged next to the region 8 on both sides thereof, as 
illustrated in FIG. 7. 
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Th e e xemplary ombodim e nt of th e inv e ntion illustrat e d in Figur e 7 shows cloarly that 

maximum functionality is combin e d with maximum adhesion. A further e xemplary embodiment 
of the invention is d e pict e d in Figure 8. 

Referring to FIG. 8. the Applied to first functional lay e r 2 is dielectric layer U is a pplied 
to the first functional layer 2, and the to which second fianctional layer 6 is adjacen t the dielectric 
layer 1 . TTie^Aanchoring elements 19 formed fi-om the adhesive compound 4 are embedded both 
in the dielectric layer 1 and in the second functional layer 6. The A anchoring elements 19 are 
cylindrical in shape and as such may t her e for e hav e th e advantag e that they can b e produced 
more easily than conically shaped anchoring elements 19. However. T the degree of interlocking 
achieved with the cylindrical anchoring elements 19 may i s-no t be . how e v e r, as strong as is 
e ff e ct e d with ^laconically shaped anchoring elements. 

As discussed h ereinabove, the teachings herein may be suitable, without limitation, for 
invention is suitable for m ultilayer sensors and for c onductive layer bonds in semiconductor 
technolog y, but is by no m e ans r e stricted to thes e application fields . 

hi semiconductor technology, bond pads can be fabricated similar to the multilayer 

semiconductors of FIGs. 1-8 with the method according to th e invention at process temperatures 
l54ftg-above 400°C. The filling compound for forming the anchoring elements may comprise i s 
the element tungsten. The conductive layers, which correspond to the functional layers, are 
fabricated for example from a noble metal. 

Values between 100 and 1000 nm may be h av e prov e n favorabl e as suitable dimensions 
for the diameter and spacing of the anchoring elements. The layer thicknesses may also be 
lik e wise lie b etween 100 and 1000 nm. The anchoring elements may p rotrude some 20 to 500 nm 
from the top of the dielectri c layer . 



13 



3000-3 

Tho mothod according to th e inv e ntion is genorally suitable for the production of 

multilayer systems whose lay e rs do not adhere togeth e r well, but without th e disadvantage of 
r e quiring third lay e rs that disadvantagoously r e strict th e functionality of th e multilayer system. 
The invention malc e s it possibl e to combine maximum functionality with maximum adh e siv e 
action. 

Although the present invention has been shown and described with respect to several 
preferred embodiments thereof, various changes, omissions and additions to the form and detail 
thereof mav be made therein, without departing from the spirit and scope of the invention. 
What is claimed is: List of R e fer e nc e Characters 



4 Dielectric as third lay e r 

3 First functional layer 

3 Hole 

A Adh e siv e compoxmd 

% Excess adh e siv e compound 

% S e cond functional layer 

^ Cl e an boundary layer b e tw ee n first functional layer and s e cond functional layer 

% Functional r e gion fr e e of di e l e ctric and anchoring el e m e nts 

9 Anchoring e l 
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